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Description
Technical Field
[0001] The present invention relates to an EMI shielding adhesive composition and its use.
Background Art

[0002] Today’s compact camera modules and sensors contain many devices that generate electromagnetic waves.
Adhesives that block electromagnetic waves are used in these electronic components to prevent the devices from
emitting electromagnetic wave and to protect the devices from external electromagnetic waves. Such electromagnetic
shielding adhesives are generally known to exhibit high EMI shielding performance when filled to a high degree with
fillers. However, if too much filler is contained, such an adhesive tends to become too hard and brittle, and so its impact
resistance performance worsens.

[0003] PTL1 discloses a high EMI shielding compound, but it has poor impact resistance due to its high silver content.
In order to improve impact resistance, PTL2 suggests reducing the modulus of elasticity by using formulations comprising
acrylic resins.

Citation List
Patent Literature
[0004]

PTL 1: JP2005-294254A

PTL 2: WO2021/075265A
Summary of Invention
Technical Problem
[0005] Conventional acrylicresin-containing adhesive compositions with high EMI shielding performance have difficulty
in exhibiting sufficient pull strength on metal surfaces. Further, when the compositions are cured at a low temperature,
significant oxygen inhibition occurs, which makes it difficult to completely cure the compositions.
[0006] An object of the present invention is to provide an acrylic resin-containing adhesive composition having high
EMI shielding performance, wherein the composition provides an EMI shielding cured product that has high impact
resistant and is sufficiently cured at a low temperature, and when the composition is applied to a metal surface, the
adhesion surface has high pull strength.
Solution to Problem
[0007] The presentinventor conducted extensive study to solve the above problems and found that they can be solved
by an adhesive composition comprising (a) a conductive filler, (b) a (meth)acrylic resin, (c) a tackifier, (d) a bismaleimide,
and (e) a radical initiator. The present invention has been completed upon further study based on the above findings

and includes the following aspects.

Item 1. An EMI shielding adhesive composition comprising: (a) a conductive filler; (b) a (meth)acrylic resin; (c) a
tackifier; (d) a bismaleimide; and (e) a radical initiator.

Iltem 2. The EMI shielding adhesive composition according to Item 1, wherein the conductive filler (a) is present in
an amount of 60 to 95 wt% based on the entire adhesive composition.

Iltem 3. The EMI shielding adhesive composition according to Item 1 or 2, wherein the tackifier (c) has a softening
point of 150°C or lower.

Iltem 4. The EMI shielding adhesive composition according to any one of Items 1 to 3, wherein the bismaleimide is
represented by formula (1):



(]

10

15

20

25

30

35

40

45

50

55

EP 4 137 548 A1

O 0 0 O
H
\ /

wherein n represents an integer of 1 to 40, and R represents a C4-C,, linear or at least partially cyclic divalent
hydrocarbon group.

Iltem 5. The EMI shielding adhesive composition according to any one of ltems 1 to 4, for use in assembling a camera
module or a sensor.

Item 6. Use of the EMI shielding adhesive composition according to any one of Items 1 to 4 for assembling a camera
module or a sensor.

Item 7. A cured product obtainable by curing the EMI shielding adhesive composition according to any one of Items
1to 4.

Iltem. 8 A method for assembling a camera module or a sensor, the method comprising bonding an electronic
component to a substrate using the EMI shielding adhesive composition according to any one of ltems 1 to 4.

Advantageous Effects of Invention

[0008] Use of the EMI shielding adhesive composition of the present invention can provide an EMI shielding cured
product that has high impact resistant and is sufficiently cured at a low temperature as compared to conventional
techniques. Further, when the EMI shielding cured product is applied to a metal surface, the adhesion surface exhibits
high pull strength.

Brief Description of Drawing
[0009] Fig. 1is a schematic diagram of a pull strength test in the Examples.
Description of Embodiments

[0010] In the present specification, the (meth)acrylate, and (meth)acrylic mean acrylate or methacrylate, and acrylic
or methacrylic, respectively.

[0011] The EMI shielding adhesive composition of the present invention comprises: (a) a conductive filler; (b) a
(meth)acrylic resin; (c) a tackifier; (d) a bismaleimide; and (e) a radical initiator.

(a) Conductive Filler

[0012] The EMI shielding adhesive composition of the present invention has EMI shielding properties because it
contains a conductive filler.

[0013] Any conductive fillers providing EMI shielding properties can be used, and such a conductive filler can be
suitably selected from known conductive fillers.

[0014] The conductive filler preferably contains at least one metal selected from the group consisting of silver, copper,
and nickel. The conductive filler may consist of one of these metals, or may substantially consist of an alloy or composite
of two or more of these metals.

[0015] The conductive filler may have a core-shell structure comprising a core portion and a shell portion, wherein the
core portion contains an organic material such as a resin or an inorganic material other than the metals mentioned
above, and the shell portion contains at least one metal selected from the metal group mentioned above.

[0016] The conductive filler may be spherical, ellipsoidal, needle-shaped, flake-shaped, or amorphous. The conductive
filler may be a mixture of two or more of these shapes.

[0017] Whenthe conductive filleris spherical, the average particle diameter is preferably 0.01 to 50 um, more preferably
0.05to 40 wm, and even more preferably 0.1 to 20 um, in terms of maintaining good dispersibility and inhibiting clogging
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during dispensing.

[0018] When the conductive filler is ellipsoidal, needle-shaped, flake-shaped, or amorphous, the average particle
diameter is preferably 0.01 to 50 wm, more preferably 0.05 to 40 um, and even more preferably 0.1 to 20 wm, in terms
of maintaining good dispersibility and inhibiting clogging during dispensing.

[0019] The EMI shielding adhesive composition of the present invention preferably contains the conductive filler in an
amount of 60 to 95 wt%, more preferably 65 to 90 wt%, and even more preferably 70 to 85 wt% based on the entire
adhesive composition from the viewpoint of attaining excellent EMI characteristics.

[0020] Examples of the conductive filler include EA-0101 (produced by Metalor Technologies USA), SF15 (produced
by Ames), TC-506 (produced by Tokuriki Honten Co., Ltd.), and FA-DAB-283 (produced by Dowa Holdings Co., Ltd.).
[0021] The EMI shielding adhesive composition of the present invention may contain only one, or two or more of the
conductive filler.

(b) (Meth)acrylic resin

[0022] Since the EMI shielding adhesive composition of the present invention contains a (meth)acrylic resin, a cured
product obtained by curing the composition has excellent impact resistance even though it contains a conductive filler.
[0023] The (meth)acrylic resin is a polymer obtained by polymerizing monomers containing at least one hydrocarbon
(meth)acrylate monomer wherein the hydrocarbon moiety may be substituted. The hydrocarbon (meth)acrylate monomer
may be a multifunctional acrylate. When the (meth)acrylic resin is a copolymer of two or more hydrocarbon (meth)acrylate
monomers, it is typically a random copolymer. The substitution structure optionally contained in the hydrocarbon moiety
is not particularly limited, and examples include an oxygen atom, a sulphur atom, a nitrogen atom, an ester bond, an
amide bond, and a carbonyl group. The hydrocarbon moiety may be substituted with at least two members selected
from the above substitution structure group. The hydrocarbon moiety may be saturated or unsaturated. The hydrocarbon
moiety may be linear, branched, cyclic, or a combination of at least two of these.

[0024] Usable examples of (meth)acrylate monomers include alkyl (meth)acrylates (including multifunctional acr-
ylates). In this case, if the glass transition temperature (Tg) is too high, the elastic modulus increases, and sufficient
impact resistance cannot be obtained. The glass transition temperature (Tg) is preferably 50°C or less, more preferable
40°C or less, and even more preferably 30°C or less.

[0025] Examples of alkyl(meth)acrylates include n-propyl(meth)acrylate, glycidyl(meth)acrylate, 2-hydroxye-
thyl(meth)acrylate, 2-methacryloxyethyltrimethoxysilane, 2-methacryloxyethyltriethoxysilane, 3-methacryloxypropyltri-
methoxysilane, 3-methacryloxypropylmethyldimethoxysilane, 3-methacryloxypropyltriethoxysilane,  3-methacry-
loxymethyldiethoxysilane, 4-methacryloxybutyltrimethoxysilane, 4-methacryloxybutyltriethoxysilane, dicyclopentenyl
oxyethyl (meth)acrylate, pentamethylpiperidyl (meth)acrylate, tetramethylpiperidyl (meth)acrylate, methoxy polyethylene
glycol (meth)acrylate, 2-hydroxy-3-acryloyloxypropyl (meth)acrylate, phenoxyethylene glycol (meth)acrylate, stearyl
(meth)acrylate, 2-methacryloyloxyethyl succinate, 3,4-epoxycyclohexylmethyl (meth)acrylate, and the like.

[0026] Examples of alkyl multifunctional (meth)acrylates include dipropylene glycol di(meth)acrylate, neopentyl glycol
di(meth)acrylate, polyethylene glycol #200 di(meth)acrylate, EO-modified bisphenol A di(meth)acrylate, ethylene glycol
di(meth)acrylate, diethylene glycol di(meth)acrylate, triethylene glycol di(meth)acrylate, polyethylene glycol di(meth)acr-
ylate, ethoxylated bisphenol A di(meth)acrylate, 1,10-decanediol di(meth)acrylate, 1,6-hexanediol di(meth)acrylate, 1,9-
nonanediol dilmeth)acrylate, neopentyl glycol di(meth)acrylate, ethoxylated polypropylene glycol di(meth)acrylate, glyc-
erol di(meth)acrylate, polypropylene glycol di(meth)acrylate, and the like.

[0027] Other examples of (meth)acrylate monomers include urethane (meth)acrylate, (poly)ester (meth)acrylate, and
(poly)ether (meth)acrylate.

[0028] The (meth)acrylic resin is commercially available from a number of manufacturers. The (meth)acrylic resin can
be produced according to a typically known method.

[0029] Usable examples of (meth)acrylic resin include product FA-512M, produced by Hitachi Chemical Co., Ltd.,
product FA-711MM, produced by Hitachi Chemical Co., Ltd., product FA-712HM, produced by Hitachi Chemical Co.,
Ltd., product FA-400M, produced by Hitachi Chemical Co., Ltd., product Light Ester G-201P, produced by Kyoeisha
Chemical Co., Ltd., product PHE-1G, produced by Shin-Nakamura Chemical Co., Ltd., product S, produced by Shin-
Nakamura Chemical Co., Ltd., product SA, produced by Shin-Nakamura Chemical Co., Ltd., and the like.

[0030] The EMI shielding adhesive composition of the present invention preferably contains a (meth)acrylic resin in
an amount of 5 to 40 wt%, more preferably 10 to 35 wt%, and even more preferably 15 to 30 wt% from the viewpoint of
maintaining excellent EMI shielding characteristics.

[0031] The EMI shielding adhesive composition of the present invention may contain only one, or two or more of the
(meth)acrylic resin.
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(c) Tackifier

[0032] Since the EMI shielding adhesive composition of the present invention contains a tackifier and a bismaleimide
described below, the curability of the composition is increased even when the composition is cured at a low temperature,
and when the composition is applied to a metal surface, the adhesion surface has high pull strength.

[0033] Usable examples of the tackifier include rosins and ester resins derived from them.

[0034] A tackifier having a temperature range that exhibits adhesion at the curing temperature and during the subse-
quent thermal history can be selected. In the present application, the softening point is preferably 150°C or less, more
preferably 130°C or less, and even more preferably 110°C. In this specification, the softening point refers to the value
measured by the ring-and-ball method.

[0035] Usable examples of the tackifier include rosin derivatives such as KE-311 (softening point 90 to 100) and D-
125 (softening point 120 to 130) (both produced by Arakawa Chemical Industry Co., Ltd.).

[0036] The EMI shielding adhesive composition of the present invention preferably contains a tackifier in an amount
of 1 to 15 wt%, more preferably 3 to 13 wt%, and even more preferably 5 to 11 wt%, relative to the resin components
excluding the filler, from the viewpoint of inhibiting a significant increase in viscosity and providing excellent adhesion.
[0037] The EMI shielding adhesive composition of the present invention may contain only one, or two or more of the
tackifier.

(d) Bismaleimide

[0038] Since the EMI shielding adhesive composition of the present invention contains the tackifier mentioned above
and a bismaleimide, the curability of the composition is increased even when the compositionis cured at alow temperature,
and when the composition is applied to a metal surface, the adhesion surface has high pull strength.

[0039] The bismaleimide is preferably represented by formula (1),

0 o o o)
H
E‘éN_R/\)]\O4CZ%O)J\A R_N; ()
=~ —

wherein nrepresents aninteger of 1to 40, and Rrepresents a C4-C, linear or atleast partially cyclic divalent hydrocarbon.
[0040] Inthe above formula (1), nis preferably 20 to 40, more preferably 30 to 40, and R preferably represents a C,-Cqg
linear or at least partially cyclic divalent hydrocarbon.

[0041] The EMI shielding adhesive composition of the presentinvention preferably contains bismaleimide in an amount
of 1 to 30 wt%, more preferably 5 to 25 wt%, and even more preferably 10 to 20 wt%, relative to the resin components
excluding the filler, from the viewpoint of increasing adhesion to a metal surface and inhibiting a significant increase in
viscosity.

[0042] The EMI shielding adhesive composition of the present invention may contain only one, or two or more of the
bismaleimide.

(e) Radical Initiator

[0043] Since the EMI shielding adhesive composition of the present invention contains a radical initiator, a polymeri-
zation reaction of the (meth)acrylic resin and the bismaleimide occurs, which increases the curability of the composition
even when the composition is cured at a low temperature. Further, when the composition is applied to a metal surface,
the adhesion surface has high pull strength.

[0044] The radical initiator can be suitably selected from known radical initiators.

[0045] Specific examples of the radical initiator include Perbutyl O (tert-butyl peroxy-2-ethylhexanoate), Perhexyl O
(tert-hexyl peroxy-2-ethylhexanoate), Perocta O (1,1,3,3-tetramethylbutyl peroxy-2-ethylhexanoate), Perbutyl ND (tert-
butyl peroxyneodecanoate), and Peroyl TCP (bis(4-tert-butylcyclohexyl) peroxydicarbonate) (all of which are produced
by NOF Corporation).

[0046] The EMI shielding adhesive composition of the present invention comprises a radical initiator preferably in an
amount of 3 to 20 wt%, more preferably 5 to 17 wt%, and even more preferably 7 to 14 wt%, relative to the resin
component excluding the filler from the viewpoint of maintaining stability during use.
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[0047] The EMI shielding adhesive composition of the present invention may contain only one, or two or more of the
radical initiator.

Other Components
[0048] The EMI shielding adhesive composition of the present invention may further contain another component, or
two or more other components, as necessary.
[0049] Examplesofothercomponentsinclude adhesive aids (e.g., silane), coupling agents (e.g., titanate), and rheology
modifiers (e.g., fumed silica).
Use
[0050] The EMI shielding adhesive composition of the present invention is preferably used for assembling a camera
module and a sensor. In this, the camera module is not particularly limited, and examples include small camera modules
used for smartphones and the like.
Examples
[0051] Adhesive compositions of Examples 1 to 4 and Comparative Examples 1 and 2 were each prepared by mixing
components at the composition ratios shown in Table 1 (the unit of each value in Table 1 being the weight ratio).
Specifically, components were added in an arbitrary ratio, and kneaded and dispersed using a planetary mixer, followed
by vacuum defoaming, thereby obtaining adhesive compositions.
[0052] The following components were used.
(a) Conductive Filler

Ag flake filler AG1 SA-0201 (produced by Metalor Technologies USA)

Ag flake filler AG2 DNS-0351P (produced by Daicel Corporation)

Ag flake filler AG3 SF78 (produced by Ames)

(b) (Meth)acrylic resin
M-5700 (2-hydroxy-3-phenoxypropylacrylate) produced by Toagosei Co., Ltd.)
UN-7600 (urethane acrylate oligomer, produced by Negami Chemical Industrial)

(c) Tackifier

KE-311 (colourless rosin ester, softening point (ring-and-ball method): 90 to 100°C; produced by Arakawa
Chemical Industries, Ltd.)

D-125 (rosin ester, softening point (ring-and-ball method): 120 to 130°C; produced by Arakawa Chemical In-
dustries, Ltd.)

(d) Bismaleimide
24-468A (C36 branched alkane diyl bis-[6-(2,5-dihydro-2,5-dioxo-1H-pyrol-1-yl) hexanoate]; produced by Henkel
AG & Co. KGaA)

(e) Radical Initiator
Perkadox 16 (produced by Nouryon)

[0053] Each evaluation test was conducted as follows. The evaluation results are shown in Table 1.
Elastic Modulus

[0054] The compounded adhesive paste was cured to a thickness of 0.3 mm under the conditions of 80°C and 60
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minutes and formed into a sheet. Then, the sheetwas cutinto 10-mm wide strips, the dynamic viscoelasticity measurement
(DMA) was performed in the tensile mode, and the storage modulus E’ at -40°C to 250°C was measured.

Ball Drop Resistance

[0055] The compounded adhesive paste was applied to a Ni plate with a size of 10 cm x 5 cm, and an SUS plate with
a size of 7 mm x 7 mm was then placed on the Ni plate. In doing so, a 0.1-mm spacer was then inserted between them
in order to keep the film thickness constant. The coating amount of the paste was adjusted so that the diameter after
pressure bonding would be 3 mm. After curing in an oven at 80°C for 1 hour, a ball with a weight of 30 g was dropped
naturally from the vertical direction to the Ni plate. Starting from a height of 10 cm, the height was increased in increments
of 10 cm. The distance until the SUS plate became peeled off was defined as ball drop resistance (cm).

EMI Performance

[0056] The compounded adhesive paste was used to form a cured film with a size of 250 mm x 20 mm and a thickness
of 100 um. After the film was cured in an oven at 80°C for 1 hour, the measurement was conducted using the dual-focus
flat cavity (DFFC) method. The shielding effectiveness (db) at frequencies from 1 GHz to 8.5 GHz was measured.

Pull Strength

[0057] The pull strength was obtained as shown in Fig. 1. Specifically, the pull strength was obtained as follows. A
paste was applied to a Ni plate with a size of 10 cm x 5 cm, and another Ni plate with a size of 5 mm x 5 mm was placed
on the paste. In doing so, a 0.1-mm spacer is inserted between them in order to keep the film thickness constant. The
coating amount of the paste was adjusted so that the diameter after pressure bonding would be 3 mm. After curing in
an oven at 80°C for 1 hour, the upper Ni plate was pulled at 10 mm/min in the vertical direction at room temperature by
using a tensile compression testing machine produced by Imada Seisakusyo Co., Ltd. The stress when pulling was
defined as the adhesion strength.

Table 1
Example | Example | Example | Example | Comp. Comp.
1 2 3 4 Example 1 Example 2
qomsae Tratwe us s |w E
Ag flake 5
filler AG2
fer AG3 70
iZ)SiﬁMeth)acryllc ,:A(E;y;gtoe 9 4 4 4 9
UN-7600 5 5 5
(c) Tackifier KE-311 1 1 1
D-125 1
(d) BMI 24-468A 4 4 4 4 5
e Jraesn [l 1
Epoxy resin ZX1059 20
Curing agent PN23J 5
Modulus (GPa) 0.2 0.1 0.1 0.1 3 0.2
Ball drop resistance (cm) 60 70 75 75 10 50
Pull strength (MPa) 45 5.8 51 5.3 1.5 21
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(continued)
Example | Example | Example | Example | Comp. Comp.
1 2 3 4 Example 1 Example 2
EMI performance (db) 65 58 79 55 72 65

[0058] It is revealed that when the adhesive composition of Comparative Example 2 containing a (meth)acrylic resin
in place of an epoxy resin is cured, a cured product having high flexibility can be obtained, as compared to the case in
which the adhesive composition of Comparative Example 1 containing an epoxy resin is cured.

[0059] Furthermore, it was revealed that when the adhesive compositions of Examples 1 to 4 each containing a (meth)
acrylic resin and a tackifier were cured, not only were cured products having high flexibility obtained, but also the tensile
resistance of each of the adhesion surfaces against the metal surface was increased.

Claims
1. An EMI shielding adhesive composition comprising:
(a) a conductive filler;
(b) a (meth)acrylic resin;
(c) a tackifier;
(d) a bismaleimide; and

(e) a radical initiator.

2. The EMI shielding adhesive composition according to claim 1, wherein the conductive filler (a) is present in an
amount of 60 to 95 wt% based on the entire adhesive composition.

3. The EMI shielding adhesive composition according to claim 1 or 2, wherein the tackifier (c) has a softening point of
150°C or lower.

4. The EMI shielding adhesive composition according to any one of claims 1 to 3, wherein the bismaleimide is repre-
sented by formula (1):

O 0 0 O
H2
\ /

wherein n represents an integer of 1 to 40, and R represents a C;-C,, linear or at least partially cyclic divalent
hydrocarbon group.

5. The EMI shielding adhesive composition according to any one of claims 1 to 4, for use in assembling a camera
module or a sensor.

6. Use of the EMI shielding adhesive composition according to any one of claims 1 to 4 for assembling a camera
module or a sensor.

7. A cured product obtainable by curing the EMI shielding adhesive composition according to any one of claims 1 to 4.

8. A method for assembling a camera module or a sensor, the method comprising bonding an electronic component
to a substrate using the EMI shielding adhesive composition according to any one of claims 1 to 4.
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